ABSTRACT: Genetic regulation of the site of fat deposition is not well defined. The objective of this study was to investigate adipogenic differentiation state-specific gene expression in feedlot cattle (>75% Angus; <25% Simmental parentage) of varying adipose accretion patterns. Four groups of 4 steers were selected via ultrasound for the following adipose tissue characteristics: low subcutaneous-low intramuscular (LSQ-LIM), low subcutaneous-high intramuscular (LSQ-HIM), high subcutaneous-low intramuscular (HSQ-LIM), and high subcutaneous-high intramuscular (HSQ-HIM). Adipose tissue from the subcutaneous (SQ) and intramuscular (IM) depots was collected at slaughter. The relative expression of adipogenic genes was evaluated using quantitative PCR. Data were analyzed using the mixed model of SAS, and gene expression data were analyzed using covariate analysis with ribosomal protein L19 as the covariate. No interactions (P > 0.10) were observed between IM and SQ adipose tissue depots for any of the variables measured. Therefore, only the main effects of high and low accretion within a depot and the effects of depot are reported. Steers with LIM had smaller mean diameter IM adipocytes (P < 0.001) than HIM steers. Steers with HSQ had larger mean diameter SQ adipocytes (P < 0.001) than LSQ. However, there were no differences (P > 0.10) in any of the genes measured due to high or low adipose accretion. Preadipogenic delta-like kinase1 mRNA was greater in the IM than the SQ adipose tissue; conversely, differentiating and adipogenic genes, lipoprotein lipase, PPARγ, fatty acid synthetase, and fatty acid binding protein 4 were greater (P < 0.001) in the SQ than the IM depot. Intramuscular adipocytes were smaller than SQ adipocytes and had greater expression of the preadipogenic gene, indicating that more hyperplasia was occurring. Meanwhile, SQ adipose tissue contained much larger (P < 0.001) adipocytes that had a greater expression (P < 0.001) of differentiating and adipogenic genes than did the IM adipose tissue, indicating more cells were undergoing differentiation and hypertrophy. Adipogenic differentiation state-specific gene expression was not different in cattle with various phenotypes, but adipogenesis in the SQ and IM adipose tissues seems to occur independently.
INTRODUCTION
Intramuscular (IM) fat improves meat quality; therefore, the beef industry rewards producers through premium prices for carcasses that have above-average IM and minimal subcutaneous (SQ) fat (Schroeder et al., 2002) . Controlling the site of fat deposition could benefit the beef industry. However, the genetic mechanisms for controlling fat deposition remain largely undefined.
Beef cattle management and nutritional strategies have synergistic and antagonistic interactions that alter the site of fat deposition (Corah and McCully, 2006) . The underlying mechanisms by which these factors affect adipose accretion in the various depots of growing cattle have yet to be determined. In addition, there can be significant variation in patterns of adipose accretion in cattle within a breed even under similar management conditions. A better understanding of the origin of adipocytes, their stimuli and inhibitors, and differences in the various depots is needed. The combination of microarray and quantitative PCR (qPCR) has recently been utilized to compare molecular differences related to adipogenesis and lipogenesis in beef cattle of diverse breeds (Wang et al., 2009) . Differences in gene expression from cattle of similar genetics and management that have varied adipose accretion in these depots have not been reported and may improve the understanding of regulation of adipose accretion.
The adipose tissue depots in beef cattle may possess varied expression and regulation of adipogenic statespecific genes, which result in differences in adipose accretion as growth and development progress. The objective of this study was to compare mRNA differences of preadipogenic, differentiating, and adipogenic statespecific genes in IM and SQ adipose tissue in cattle with diverse accretion patterns and to examine relationships of these genes with adipocyte cellularity and carcass characteristics.
MATERIALS AND METHODS
All procedures involving animals were approved by The Ohio State University Agricultural Animal Care and Use Committee. The Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1999) animal care guidelines were followed.
Animals and Carcass Evaluation
Sixteen Angus-Simmental crossbred (>75% Angus; <25% Simmental parentage) steers were selected from a group of 80 steers at The Ohio State University feedlot in Wooster. The steers used for this study were 12.5 to 14 mo old at slaughter (BW = 578.1 ± 6.1 kg) and were raised under similar management from birth to slaughter. All steers entered the feedlot at 6 to 7.5 mo of age and were housed in individual 2.6 × 1.5 m stalls (3.9 m 2 of floor space per steer) in a totally enclosed feedlot barn with a slatted concrete floor and metal gates. Steers were fed a whole-shelled corn-based diet, similar to that described by GorocicaBuenfil et al. (2007) , for 187 ± 7 d before slaughter. Approximately 14 d before slaughter, 16 steers were selected based on BW and previous health records and then ultrasound estimation of SQ (low SQ and high SQ, LSQ and HSQ, respectively) and IM adipose tissue (low IM and high IM within each SQ group; LIM and HIM, respectively). Therefore, the 2 × 2 factorial arrangement of treatments included 4 steers for each treatment combination: LSQ-LIM, LSQ-HIM, HSQ-LIM, and HSQ-HIM. Ultrasound scans were obtained using an Aloka 500V ultrasound machine (Wallingford, CT) fitted with a 17-cm transducer. Images were sent to the Centralized Ultrasound Processing Lab (Ames, IA) for interpretation of SQ and IM fat measurements. Only cattle that were between 500 and 590 kg and had ≤2 treatments for respiratory disease had ultrasound measurements taken for consideration (n = 54). Breed composition of Angus-Simmental crossbred steers was similar across all 4 treatments. The 4 groups of 4 steers were selected to represent the greatest carcass adiposity diversity possible while controlling for BW and health. Growth characteristics of the cattle are presented in Table 1 .
Steers were slaughtered over a 3-wk period. Slaughter date did not affect (P > 0.05) any of the experimental outcomes. Slaughter BW was determined as an average of 2 consecutive weights obtained at 0800 h before feeding without restriction from feed or water. Hot carcass weights were obtained immediately after slaughter. A USDA official determined the USDA Quality grade, marbling score, and KPH. Backfat thickness and LM area were determined by qualified personnel from The Ohio State University. These carcass measurements were used to calculate the USDA Yield grade. Longissimus dorsi samples from the 11th to 12th rib Pickworth et al.
were collected, trimmed of external fat, and stored at −20°C until further analysis. Frozen LM samples were ground 3 times and freeze-dried for analysis of moisture and ether-extractable lipid content (AOAC, 1996) . An Ankom XT15 Extraction System (Ankom Technologies, Macedon, NY) was used for ether-extracted lipids as an objective measure of IM fat content.
RNA Isolation and Quantitative PCR
Subcutaneous adipose tissue samples were collected from directly above the LM within 10 min of slaughter. Samples were collected using sterile, nuclease-free forceps and scalpels and placed into 2 sterile, nuclease-free 1.5-mL Eppendorf tubes. Intramuscular adipose tissue samples were collected from the LM that was biopsied between the 6th to 11th ribs, within 15 min of slaughter. The IM fat samples were physically separated from the muscle using sterile, nuclease-free forceps and placed into 2 sterile, nuclease-free 1.5-mL Eppendorf tubes. All adipose tissue samples were snap frozen and transported to the laboratory in liquid N 2 and then stored at −80°C until analysis.
Total RNA was extracted from IM and SQ adipose tissue using the RNeasy Lipid Tissue Mini Kit (Qiagen Sciences Inc., Valencia, CA) according to the manufacturer's protocol. The concentration of total RNA was calculated using the optical density at 260 and 280 nm in the UV/Vis with a Nanodrop ND-1000 (Thermo Fisher Scientific Inc., Wilmington, DE) and integrity was checked via gel electrophoresis. The RNA was stored at −80°C until used for cDNA synthesis.
The cDNA was produced from DNase treated RNA using a DyNAmo cDNA Synthesis Kit for qPCR (Finnzymes, Woburn, MA) . One microgram of total RNA was DNase treated to eliminate genomic DNA contamination before the reverse-transcription (RT) reaction. The RT reaction was performed according to manufacturer's recommendations for the M-MuLV Reverse Transcriptase kit (Promega Corporation, Madison, WI). After the RT reaction, cDNA was stored at −20°C for long-term storage and at 4°C when being used for qPCR.
Preadipogenic genes of interest included delta-like kinase 1 (DLK-1) and C/EBPβ. Genes of interest that regulate differentiation of adipocytes included PPARγ and lipoprotein lipase (LPL). Adipogenic genes of interest included fatty acid binding protein 4 (FABP4, also known as AP2) and fatty acid synthetase (FASN). The gene selected as the reference gene and used as the covariate for statistical analysis was ribosomal protein L19 (RPL19). The primer sequences and GenBank accession numbers for each of the genes of interest are provided in Table 2 . Primers were designed to have similar melting temperatures, percentage guanine-cytosine content, yield similar size products, and were ordered from Operon (Eurofins MWG, Operon, Huntsville, AL). The RPL19 gene was selected as the reference gene because it was not affected by any of the variables being tested.
Gene amplification of various tissues for primer validation and preparation of the standard curve was conducted using GoTaq DNA Polymerase (Promega Corp., Madison, WI). Amplified DNA products were separated via 1.5% agarose gel electrophoresis and then purified using a QIAquick Gel Extraction Kit (Qiagen Sciences). The samples were sequenced at The Pennsylvania State University Nucleic Acid Facility to confirm the desired gene product was being amplified per primer set.
Quantitative PCR for each of the genes of interest and the reference gene were prepared using a SensiMix Plus SYBR Kit (Quantace Ltd., London, UK). For each reaction, 40 ng of cDNA was combined with 300 nm each of forward and reverse primers, SensiMix Plus SYBR, and nuclease-free water to bring the total volume per reaction to 25 µL. Each plate contained 2 sets of 10:1 to 10:12 dilutions for the standard curve, non-reverse-transcribed samples and water blanks as controls, and IM and SQ samples from 2 steers per treatment in triplicate. A 7500 Fast Real Time PCR System (Applied Biosystems, Foster City, CA) was used for qPCR analysis with the following conditions: initial denaturing of 95°C for 10 min, 35 cycles containing denaturing at 95°C for 15 s, annealing at 60°C for 30 s, and extension at 72°C for 1 min, followed by extension at 72°C for 5 min. Dissociation proceeded at 95°C for 15 s, 56°C for 1 min, and 95°C for 15 s. A single melting point was observed for all samples. The qPCR amplification products were separated via electrophoresis on 1.5% agarose gels and visualized with ethidium bromide under UV light to confirm amplification of a single band of the expected amplicon size. The qPCR data were accepted if the variation between replicates within an animal was less than 5%.
Cellularity Analyses
Adipose tissue for cellularity determination was collected from the SQ and IM depots as described for the gene expression analyses, with the exception that samples were placed in 15-mL plastic tubes, snap frozen in liquid N 2 , transported on ice, and stored at −20°C until further analysis. Histological methods were utilized to determine adipocyte density and mean diameters. Frozen adipose was fixed in OTC embedding medium (Sakura Finetek U.S.A. Inc., Torrance, CA), sectioned at 6 to 7 µm on a CM1850 Leica cryostat (Leica Microsystems, Nussloch, Germany) at −35°C, and mounted on Superfrost Plus Slides (Fisher, Pittsburgh, PA). Mounted adipose tissue was stained with hematoxylin and eosin solutions (Merck, Darmstadt, Germany) then sealed with Cytoseal XYL (Richard-Allan Scientific, Kalamazoo, MI). Images of adipocytes were obtained for counting and diameter measurements at a 10× magnification using Magnafire 2.1C software (Optronics, Goleta, CA) with an Optronics digital camera system (Center Valley, PA) attached to an Olympus 1x microscope (Olympus America Inc., Melville, NY). Two slides were prepared per adipose tissue sample, and 3 images from one slide with the greatest membrane integrity were obtained for cellularity analysis (3 images per sample). Adipocyte number and mean adipocyte diameter of every cell in the image were measured using computer image analysis (Image Pro Plus V 4.5, MediaCybernetics Inc., Silver Spring, MD).
Statistical Analyses
All statistical analyses were performed using the mixed model (SAS Inst. Inc., Cary, NC). Gene expression data were log-transformed and analyzed using covariate analysis within the mixed model of SAS with RPL19 as the covariate. The covariate analysis permitted determination of differences in the genes of interest without error caused by variation in other factors (reference gene; RPL 19). Carcass characteristics, ether extract, and adipose cellularity data were analyzed as a completely randomized design with a 2 × 2 factorial arrangement of treatments using the mixed model of SAS. The model included the effects of SQ fat thickness, amount of IM fat, depot, and appropriate interactions. Treatment means were compared using the PDIFF statement of SAS when protected by a significant (P < 0.05) F-value, and trends were compared when P < 0.15 F-values were obtained. All means are reported as least squares means. The gene expression data with RPL19 as a covariate were used for correlation analyses with carcass and cellularity data in Proc CORR of SAS. Steer was used as the experimental unit for all statistical analyses.
RESULTS AND DISCUSSION

Growth Characteristics
Main effects of growth characteristics of cattle selected for SQ and IM adipose tissue are shown in Table  1 . Steers selected for HSQ had heavier BW at slaughter, fewer days on feed, and had greater ADG and DMI than those selected for LSQ (P < 0.05). Steers selected for HIM had lighter BW at birth and feedlot entry and had less ADG and improved G:F than those selected for LIM (P < 0.05). These are background data and should not be interpreted to have caused the differences in adiposity of the selected steers.
Carcass Characteristics
The carcasses from the LSQ-LIM, LSQ-HIM, HSQ-LIM, and HSQ-HIM treatment classifications had 1.20, 1.25, 2.29, and 2.13 cm of backfat and marbling scores of 490, 730, 498, and 748, respectively. No interactions were detected (P > 0.10); therefore, main effects of SQ and IM fat classifications for carcass measurements are presented and discussed (Tables 3 and 4) . Carcass data confirmed the ultrasound treatment criteria of the 16 steers. Ultrasound slightly underestimated backfat compared with measured carcass backfat; however, differences between LSQ and HSQ were a minimum of 0.75 cm for both methods (P < 0.001). Steers with HSQ were heavier (P < 0.001) at slaughter resulting in heavier (P < 0.001) HCW than steers with LSQ. The dressing percentage, LM area, and KPH were not different (P > 0.10) between steers with LSQ and HSQ. The average USDA Yield grade was 1 grade greater (P < 0.001) for HSQ as compared with LSQ steers. Steers with HIM had greater (P < 0.04) HCW and larger (P < 0.01) LM area than LIM steers. Although HCW and LM areas were greater, the dressing percentage tended to be less (P = 0.07) in HIM than LIM steers. No other factors associated with carcass yield were affected (P > 0.10) by amount of IM adipose tissue.
The amount of SQ adipose tissue did not influence (P > 0.10) the effects of IM adipose tissue on carcass quality characteristics (Table 4 ). The USDA Quality grade or factors related to quality were not affected (P > 0.10) by SQ fat deposition. The marbling score and USDA Quality grade confirmed the ultrasound estimation of IM fat content of the LM, and all were greater (P < 0.001) in HIM cattle than LIM cattle. The ether extractable lipid of the LM was also 30% greater (P < 0.001) in HIM as compared with LIM steers. Steers in the LIM group graded USDA Choice − or Select, whereas steers in the HIM group graded predominantly Choice + . In general, cattle used in this study exceeded the industry average for percentage of cattle grading Choice, even in the LIM treatment (Garcia et al., 2008) .
Gene Expression
Total RNA from IM and SQ adipose tissue was analyzed using qPCR for the following genes: DLK-1, C/ EBPβ, PPARγ, LPL, FABP4, and FASN. These genes were selected by their role and expression patterns during adipocyte differentiation, and based on variation that has occurred in previous studies comparing adipose accretion regulation in different cattle breeds (Vuocolo et al., 2003; Michal et al., 2006; Wang et al., 2009 ). There was no interaction (P > 0.10) between main effects of amount of IM or SQ adipose tissue on expression of any of the 6 genes measured in samples collected from the SQ and IM depots. Therefore, the relative expression of these genes will be presented comparing the main effects of high or low IM and SQ adipose tissue within their respective depots, as well as the comparison between depots (Figures 1 to 3) . It was hypothesized that relative expression of these genes would have been different in cattle with varying adipose accretion patterns in the IM and SQ depots. However, amount of adipose tissue in 1 depot did not affect the relative expression of these genes in the other Bovine adipose gene expression depot. This indicates that IM and SQ adipose accretion rates were independently regulated regardless of phenotype.
The genes that were selected to compare relative concentration of preadipocytes in the various depots and adiposity rates were C/EBPβ and DLK-1. Both DLK-1 and C/EBPβ are considered differentiation-associated genes involved in preadipocyte hyperplasia. Expression of DLK-1 aids in maintaining preadipocytes in the proliferative state and inhibits differentiation (Vuocolo et al., 2003) . As preadipocytes undergo hyperplasia, C/ EBPβ is upregulated during DNA replication and then cell division occurs (Urs et al., 2004) . One of the first transcription factors induced during adipogenesis is C/ EBPβ, which may indicate that it is an important regulator of adipocyte differentiation (Ntambi and Kim, 2000) . The DLK-1 and C/EBPβ mRNA were similar (P > 0.10) between LIM and HIM cattle within the IM adipose tissue depot and between LSQ and HSQ cattle within the SQ adipose tissue depot (Figure 1) . The expression of DLK-1 was greater (P < 0.001) in IM than in SQ adipose tissue (Figure 1) . Thus, the IM depot may contain a greater proportion of preadipocytes and greater rates of hyperplasia than the SQ depot. This agrees with the hypothesis that the IM depot is a more immature adipose tissue depot than the SQ depot (Hood and Allen, 1975) . Wang et al. (2009) found that DLK-1 mRNA expression was greater for Wagyu × Hereford crosses than Piedmontese × Hereford crosses from 3 to 25 mo of age, which had a greater population of adipocytes for differentiation and IM adipose tissue accumulation during the finishing period. In the present study, relative expression of C/EBPβ was not different (P > 0.10) between IM and SQ adipose tissues or affected (P > 0.10) by main effects of IM or SQ fat deposition within a depot (Figure 1) . The lack of C/ EBPβ mRNA differences could indicate that similar populations of preadipocytes are ready to initiate the differentiation process in both depots or that preadipocytes are undergoing hyperplasia as C/EBPβ is upregulated during DNA replication. Wang et al. (2009) observed changes in C/EBPβ as cattle matured from 3 to 30 mo of age. Gene expression of C/EBPβ was greater for Piedmontese × Hereford crosses as compared with Wagyu × Hereford crosses until 12 mo of age when the pattern was reversed. Therefore, it is possible that C/ EBPβ was not a good marker to compare preadipocyte populations in this group of cattle based on their age at sample collection.
As preadipocytes prepare to differentiate into mature adipocytes, they undergo a series of gene expression differences. Two of the genes involved in this commitment to the differentiation process are PPARγ and LPL. The PPARγ induces the transcription of many adipocyte genes encoding proteins and enzymes involved in development and maintenance of the adipocyte phenotype (Gregoire et al., 1998) . As preadipocytes begin differentiating into mature adipocytes, LPL is one of the first genes expressed due to its role in de novo lipogenesis (Gregoire et al., 1998) . Surprisingly, the PPARγ mRNA was similar (P > 0.10) between LIM and HIM steers within the IM depot and between LSQ and HSQ steers in the SQ depot (Figure 2) . We hypothesized that animals with the larger depots (HIM and HSQ) would have a greater proportion of adipocytes undergoing differentiation in those depots and therefore would have had greater relative expression of PPARγ than animals with smaller depots (LIM and LSQ). Although PPARγ expression peaks during adipocyte differentiation, it is also expressed in smaller concentrations in mature adipocytes. Thus, treatment differences may not have been detected if one group had adipocytes undergoing differentiation, whereas the other group may have greater numbers of mature adipocytes resulting in similar PPARγ relative expression. Differences in animals with diverse phenotypes for IM and SQ adipose tissue may exhibit differences in PPARγ at an earlier stage of development. Testing this hypothesis would require further research. However, such investigation would be difficult due to difficulties in accurately obtaining IM adipose tissue measurements via ultrasound, excising the small, fine flecks of adipose tissue from within the LM without muscle contamination, and obtaining adequate IM adipose tissue without slaughtering the ani- mal. Investigations of gene differences in younger cattle would also require extensive sampling because at this time we are not capable of predicting the adipose accretion patterns between cattle within the same breed. In contrast to PPARγ, LPL relative expression tended to be greater (P = 0.15) for steers with HIM or HSQ as compared with steers with LIM or LSQ within the same respective depot (Figure 2 ). This trend for greater LPL expression could indicate that steers with more adipose accretion in these depots have more adipocytes actively undergoing differentiation than steers with less adipose accretion in the same respective depot. This would be in agreement with findings by Wang et al. (2005) , in which Japanese Black steers had greater LPL mRNA than Holstein steers. In addition, LPL and PPARγ mRNA were greater (P < 0.001) in the SQ as compared with the IM depots (Figure 2 ). Therefore, a greater proportion of preadipocytes were likely undergoing differentiation in the SQ than in the IM adipose tissue. Differences in gene expression between LPL and PPARγ indicate that LPL may be a more definitive indicator of adipocyte differentiation. Again, it is noteworthy that the differences between depots were much greater than the differences within a depot for animals with high and low quantities of adipose accumulation.
Adipocytes have greater expression of genes related to triacyclglycerol accumulation and fatty acid metabolism than preadipocytes or differentiating adipocytes. Both FABP4 and FASN are genes responsible for fat storage and metabolism within functional adipocytes (Gregoire et al., 1998; Urs et al., 2004) . Therefore, FABP4 and FASN were selected as markers of fully differentiated adipocytes. It was hypothesized that due to the involvement of these 2 genes in fat accumulation within adipocytes, the expression of FASN and FABP4 would have been greater in HIM and HSQ steers as compared with LIM and LSQ steers, respectively, given that these animals would have great rates of hypertrophy. Unexpectedly, the FASN and FABP4 mRNA did not differ (P > 0.10) between LIM and HIM steers within the IM depot (Figure 3) . Intramuscular adipose FABP4 expression was reported to be greater in Wagyu than Piedmontese-sired calves (Lehnert et al., 2007; Wang et al., 2009 ). Wang et al. (2009) reported that FASN mRNA was increased in Wagyu × Hereford crosses compared with Piedmontese × Hereford crosses from 7 to 30 mo of age. The cattle in the present study were slaughtered at slightly above average total carcass adiposity compared with the US beef industry average (Garcia et al., 2008) and were approximately 14 mo of age at slaughter, which is intermediate to previous research (Wang et al., 2009 ) comparing Piedmontese and Wagyu breeds of cattle. Differences in expression reported by Lehnert et al. (2007) or Wang et al. (2009) and the present study may be attributed to the breed variations used in the previous work as compared with all Angus-Simmental crossbred cattle used in the present work. The population of cattle utilized in this study was similar in terms of breeds and management, which were 2 areas of great influence on adipose accretion in the previous studies. In the present study, the expression of FASN and FABP4 was greater (P < 0.001) in the SQ than the IM adipose tissue. Therefore, there were more fully differentiated adipocytes in the SQ than the IM adipose tissue depot, which would provide for a greater opportunity for fat storage in the SQ adipose tissue depot. Interestingly, the SQ depot exhibited greater relative expression of the 4 genes associated with adipocyte differentiation and functional adipocytes investigated compared with the IM depot.
Only slight differences in expression of adipogenic state-specific genes were observed between AngusSimmental crossbred cattle of various adipose accretion patterns. In general, these cattle were more phenotypically and genotypically similar compared with cattle used in previous studies investigating adipogenic gene expression differences in the IM depot (Lehnert et al., 2007; Wang et al., 2009 ). The trends observed in the present study indicate that there may be some important gene expression differences between the SQ and IM depots, but for the genes selected in this study, there were few differences in gene expression associated with high and low adipose accretion patterns within the IM or SQ depots. Further investigations of the present genes and use of a microarray to identify other genes differentially expressed may provide a greater understanding as to why variation in adiposity is observed in genetically similar cattle that are managed together. Adipocyte proliferation and differentiation can occur throughout the feedlot phase in beef cattle. Therefore, the molecular genetic regulation of adipocyte differentiation responsible for varied adipose accretion rates may occur at a younger age than when these samples were collected. The discrepancy in PPARγ mRNA in the SQ and IM depots warrants investigation as to how PPARγ regulation may be related to the significant differences in adiposity between these 2 depots.
Cellularity Analyses
Similar to adipogenic gene expression, there were no interactions (P > 0.10) between the main effects of amount of IM and SQ adipose tissue on the cellularity characteristics in the IM or SQ adipose tissue depots. There were also no effects (P > 0.10) of extent of carcass IM adipose tissue on cellularity characteristics of samples collected from the SQ depot. Therefore, data presented in Table 5 and Figures 4 and 5 compare the main effects of low and high adipose accretion in the IM and SQ adipose tissue within their respective depot.
Although adipogenic differentiation state-specific gene expression of the 6 genes measured was not different between cattle with high and low amount of adipose accretion within a depot, cellularity was different. Steers with LIM had smaller (P < 0.001) mean diameter adipocytes resulting in greater (P < 0.001) adipocyte density (cell number/mm 2 ) in the IM depot than the HIM steers. Steers with LSQ also tended to have a greater (P = 0.08) IM adipocyte density than HSQ steers, indicating that overall lipid accumulation and cell hypertrophy may have been slightly reduced in these cattle as well. The LIM steers had a greater (P = 0.04) proportion of IM adipocytes with mean diameters below 50 µm, whereas HIM steers had a greater (P = 0.03) proportion of IM adipocytes with mean diameters greater than 100 µm (Table 5 ). These differences were supported by the distribution of IM adipocytes in 10-µm mean diameter size ranges (Figure 4 ). Steers with LIM had less fat accumulation within the IM adipocytes as indicated by a greater (P < 0.05) percentage of 40 to 49-, 50 to 59-, and 60 to 69-µm mean diameter IM adipocytes than HIM steers. Conversely, HIM steers had greater (P < 0.02) percentages of 90 to 99-and 100 to 109-µm mean diameter IM adipocytes, and tended to have a greater (P = 0.07) percentage of 120 to 129-and 140 to 149-µm mean diameter IM adipocytes than LIM steers. Schoonmaker et al. (2001) reported that the increased density of small-diameter IM adipocytes indicated that the IM depot was in the proliferative state. Thus, these data indicate that steers with LIM and HIM had adipocytes with differing rates of fat accumulation. Steers with HIM had a shift of adipocyte diameters which indicate more, or earlier, fat accumulation. Therefore, the differences in differentiation specific gene expression may have occurred at an early age or time during the finishing phase.
The steers with LSQ had SQ adipocytes with smaller (P < 0.001) mean diameters, which resulted in a greater (P < 0.001) density of adipocytes (cell number/ mm 2 ) in the SQ depot. The LSQ steers had a greater (P = 0.02) percentage of SQ adipocytes with less than 50-µm mean diameters, which resulted in a tendency for LSQ steers to have fewer (P = 0.09) SQ adipocytes with mean diameters between 100 and 150 µm than HSQ steers (Table 5) . These results were supported by differences in proportion of SQ adipocytes by 10-µm mean diameter increments ( Figure 5 ). Steers with LSQ had a greater (P = 0.02) percentage of 40 to 49-µm mean diameter than HSQ steers. In contrast, HSQ steers had greater (P < 0.05) percentage of 90 to 99-, 100 to 109-, and 110 to 119-µm mean diameter SQ adipocytes and tended to have a greater (P = 0.06) percentage of 120 to 129-and 130 to 139-µm mean diameter adipocytes than LSQ steers. More fat accumulation occurred within SQ adipocytes of steers with HSQ as compared with LSQ steers to contribute to increased total SQ fat accumulation. Thus, it was hypothesized that genes involved in lipogenesis and fat accumulation within adipocytes, FASN and FABP4, would have been upregulated as well. However, no increases were observed for the HSQ as compared with the LSQ steers.
The mean diameter of IM adipocytes was smaller (P < 0.001) than SQ adipocytes (67.8 and 93.4 µm for IM and SQ, respectively). Conversely, the cell density of IM adipose tissue was greater (P < 0.001) than SQ adipose tissue (88.5 and 44.9 cells/mm 2 for IM and SQ, respectively). These differences in mean diameter between SQ and IM adipose tissue agree with previous findings (Cianzio et al., 1985; Schoonmaker et al., 2004) . In this study, it was likely that HSQ steers had undergone more rounds of adipocyte differentiation to have a greater population of adipocytes capable of accumulating fat. The smaller diameter of adipocytes quantified in the IM depot would support the findings of greater preadipogenic gene expression of DLK-1 in the IM depot as compared with the SQ depot. In addition, the larger diameter adipocytes quantified in the SQ depot would be indicative of functional adipocytes that have undergone hypertrophy. In agreement, relative expression of LPL, PPARγ, FASN, and FABP4 mRNA were greater in the SQ depot as compared with the IM depot.
Correlation Analyses
The relative expressions of differentiation state-specific genes were correlated to carcass characteristics and adipose tissue cellularity (Table 6 ). Within the IM depot, the preadipogenic gene DLK-1 mRNA was positively correlated (r = 0.70; P = 0.002) with adipocyte density and negatively correlated (r = −0.47; P = 0.09) with mean diameter. On the other hand, genes involved in differentiation and in functional adipocytes were negatively correlated (P < 0.05) to IM adipocyte density (r = −0.51, −0.60, and −0.53 for PPARγ, FASN, and FABP4, respectively). It was hypothesized that functional adipogenic genes would have greater expression in steers with greater amounts of adipose accretion. In agreement with this hypothesis, IM expression of FABP4 was highly and positively correlated with marbling score and ether-extractable lipid of the LM (r = 0.74 and 0.70, respectively; P < 0.01). Unexpectedly, relative expression in the IM depot of the preadipogenic gene DLK-1 also had a positive correlation with marbling score and ether extractable lipid of the LM (r = 0.59 and 0.51, respectively; P < 0.05). Only a few trends were observed within the SQ and IM depots for relationships between differentiation state-specific genes and percentages of adipocytes in mean diameter ranges. The lack of correlations could be due to the insensitivity of cellularity measures to detect preadipocytes and differentiating adipocytes. Populations of adipocytes measured are only different due to hypertrophy and not differentiation. The FABP4 mRNA in the SQ depot was positively correlated (P < 0.05) to backfat and LM area (r = 0.64 and 0.47, respectively). Similar to the IM depot, FABP4 was positively correlated (r = 0.62; P < 0.01) to SQ adipocyte diameter and negatively correlated to the number of SQ adipocytes per mm 2 (r = −0.57; P = 0.02). As an indicator of differentiation, PPARγ was expected to be positively correlated with indicators of adipose accretion; however, PPARγ was negatively correlated to IM adipocyte density (r = −0.51; P < 0.05). Backfat and mean diameter of SQ adipocytes were negatively correlated (r = −0.68 and r = −0.69; P < 0.01, respectively) to PPARγ. The contrasting relationship of PPARγ with adipose accretion in the SQ and IM depots reemphasizes that these depots are likely undergoing independent regulation for accretion. From these results, DLK-1 may be an indicator of potential adipose accretion in cattle. The consistent relative increases in FABP4 expression with adipose accretion within the SQ and IM depots, as in- Figure 5 . Main effect of subcutaneous fat on subcutaneous adipose tissue cellularity of Angus-Simmental crossbred steers (n = 8). *Indicates steers with low subcutaneous adipose tissue (LSQ) have a greater (P = 0.02) proportion of adipocytes than steers with HSQ for given mean diameter ranges. +Indicates steers with high subcutaneous adipose tissue (HSQ) have a greater (P < 0.05) proportion of adipocytes than steers with LSQ for given mean diameter ranges. †Indicates steers with HSQ tended (P = 0.06) to have a greater proportion of adipocytes than steers with LSQ for given mean diameter ranges. dicated by correlations with backfat, marbling score, ether extractable lipid within the LM, and mean adipocyte diameter, may make FABP4 a good candidate adiposity marker.
Conclusions
The relative expression pattern differences between preadipogenic, differentiating, and adipogenic genes in the SQ and IM adipose tissue depots and cellularity characteristics of Angus-Simmental crossbred steers indicate that these depots have proportions of adipocytes in differing stages of development. The IM adipose tissue had a greater proportion of preadipocytes as indicated by greater proportions of small diameter adipocytes and greater expression of the preadipogenic marker, DLK-1. The correlations between DLK-1 and FABP4 expression observed here imply that these genes may be good markers to investigate in younger beef cattle as indicators of genetic capacity for adipose accretion. These results support the findings of May et al. (1994) and Schoonmaker et al. (2001) in that the IM adipose tissue depot of beef cattle continues to undergo hyperplasia, in addition to hypertrophy, through the finishing period. Conversely, SQ adipose tissue had greater relative expression of differentiation specific genes (PPARγ and LPL) and adipocyte-specific genes (FASN and FABP4) than IM adipose, and had larger mean adipocyte diameters. Taken together, the SQ adipose depot had more differentiated adipocytes capable of storing fat than the IM depot. The differences in correlations between differentiation state-specific genes and carcass and cellularity indicators of adipose accretion in the SQ and IM depots reiterate the hypothesis that these depots are autonomously regulated. 
